Double-stranded RNA isolated from cells infected with the RNA bacteriophage R17 has been implicated in the replicative mechanism of viral RNA. I Two types of double-stranded RNA have been described in cells infected with RNA viruses: the intact double strand of molecular weight 2 X 106,2, 3 knowA as replicative form,4 and the population of double-stranded molecules containing nascent single strands, known as replicative intermediate.5 The description of replicative intermediate isolated from infected cells by phenol extraction and its relation to in vitro replicating RNA structures has been discussed.'-3 Besides removal of the RNA-dependent RNA polymerase from the replicating structure, phenol could possibly dissociate some of the hydrogen-bonded single strands from the double strand.3 Therefore it was necessary to investigate the localization of intracellular viral RNA-replicating structures prior to phenol extraction. These structures could be associated with cell membranes, or with ribosomes, or not associated with any recognizable cellular structures. In order to obtain meaningful data it was first necessary to obtain reproducible patterns of polyribosomes in uninfected cells. This was accomplished by adding poly-L-ornithine to the media during preparation of spheroplasts and lysate. This polyamino acid has been used to enhance titers of infectious RNA from poliovirus,6 presumably by protecting the viral RNA from degradation by nucleases. The authors are particularly grateful to Dr. S. Dales of this institute for suggesting the use of this compound.
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BIOCHEMISTRY: HOTHAM-IGLEWSKI AND FRANKLIN PROC. N. A. S. sodium ethylenediaminetetraacet.ate (neiitralized) to a. final concentration of 0.-5 mMt. Spheroplast formation was always controlled by dark-field microscopy and usually was complete in 10 mins. When spheroplast formation was complete, I\1gS04 was added to a final concentration of 0.01 M and the spheroplasts were centrifuged and resuspended in 0.7 ml of TMK for 1-2 mix at 00°; after this time I)Nase was added to a final concentration of 1 sg/ml and Brij 58 (Atlas Chemical Industries, Inc., Wilmington, Del.), a nonionic detergent, to a final concentration of 0.6%. From this point on, the lysate was always transferred with wide-bore pipettes to avoid shearing of the polysomes. The lysate was centrifuged at 10,000 g for 5 min (Sorvall GSA rotor) and the supernate was collected. Between 10 and 20 OD260 of this supernate was used for each sucrose gradient centrifugation. Optical densities were read on a l/loo dilution in TMK 1.
Preparation of labeled cell lysates from infected cells: Cells were grown in TCGI to 2 X 108/ml and then harvested by centrifugation. The cells from 1 liter of medium were resuspended in 2-2.5 ml of TCGI and infected with R17 bacteriophage by adding stock virus at an input multiplicity of 10. After an adsorption period of 3 min at room temperature, the infected cells were diluted into 300 ml of prewarmed TCG1 and infection was allowed to proceed for the desired length of time. If the cells were to be labeled with both C14-amino acids and H3-uridine, they were then centrifuged and resuspended in TCG1 with l/loo casamino acids and treated as the uninfected cells were treated. If they were to be labeled only with H3-uridine, this was added directly to the cells in TCGL. This latter procedure provided a much better defined period of infection. All subsequent procedures were as described above for noninfected cells, except as described in the appropriate places in the tables and figure legends.
Preparation of nucleic acids: Nucleic acid was extracted from the polyribosome fractions with phenol-sodium dodecyl sulfate, as previously described.'
Results and Discussion.-Characteristics of polyribosomal patterns in noninfected cells: A typical polyribosome gradient from uninfected cells is shown in Figure 1 . Polysome peaks from dimers to pentamers were always resolved and occasionally a hexamer peak could be seen. Larger polyribosomes formed a continuous distribu- straight line relationship was found between N= 1 and 6. This relationship was then used to estimate the number of polyribosomes in the larger complexes. The distribution of nascent protein labeled with a three-minute pulse of C14-amino acids followed the distribution of polyribosomes (Fig. 1) . Excluding the soluble protein, approximately 7 per cent of the total C14-radioactivity was found in the pellet. The one-minute pulse label of H3-uridine also followed the OD pattern (Fig.  1) , as did a 10-to 15-second pulse of H3-uridine.
Characteristics of polyribosome patterns in infected cells: Already at ten minutes p.i. there was a decrease in the relative amount of polyribosomes of size greater than hexamers (Fig. 2a) . By 25 minutes p.i., close to the end of the latent period, the polyribosomal distribution peaked around trimers (Fig. 2a) . At later times there was a progressive decrease in polyribosomes and an increase in monomers. At 45 minutes p.i. there was a prominent peak at 79-81S, corresponding to the position of added purified H8-labeled bacteriophage R17.
Concomitant with the altered polyribosomal distributions were changes in the distribution of nascent protein and pulse-labeled RNA (Fig. 3a and b At 25 minutes p.i. there was a decrease in the amount of labeled RNA which sedimented as heavy polyribosomes and a relative increase in the amount sedimenting in the region from dimers to the top of the gradient. The incorporation of H3-uridine into RNA throughout the gradient was greatly reduced after 45 minutes of infection and was almost negligible in the area of the heavy polyribosomes.
Localization of RNase-resistant RNA: The general approach was to label infected cells with a 1-minute pulse of H3-uridine at 30 minutes p.i. and then to divide a polysome gradient into appropriate fractions, phenol-extract each fraction, and test for RNase resistance. In the example analyzed in Table 1 the samples were pooled into 13 fractions, 5 of which were more resistant to RNase than the others (cf. Table 1) .
Centrifugation in a 10-40 per cent sucrose gradient for 195 minutes at 25,000 rpm did not clearly separate the ribosomal subunits from each other or from the region containing the 70S monomers or from the soluble RNA. In order to examine this area more closely, lysates were centrifuged for eight hours at 25,000 rpm on a standard polysome gradient of 10-40 per cent sucrose. The OD260 pattern from lysates of uninfected cells had a 70S monomer peak which was large in relation to the polysome fractions, probably due to some degradation of the polysomes during the longer period of centrifugation employed in this experiment (Fig. 4) . While polyribosomes containing as many as five to six ribosomes were still discernible, the larger polyribosomes were pelleted on the bottom of the centrifuge tube (Fig. 4) . The samples from the virus-infected cell lysates were pooled into ten fractions, phenol-extracted, and the samples were examined for RNase resistance with the results shown in Table   2 .
Is the RNase-resistant RNA found in the polysome region actually associated with polysomes? In a preliminary investigation of this question, the polysomes were dissociated in a low concentration of magnesium (5 X 10-5 M) and the disso- ciated polysomes were then centrifuged in the same low concentration of magnesium. The optical density patterns of both control and infected cells demonstrated the presence of 50 and 30S subunits and no 70S ribosomes. In the material from infected cells there was a peak of radioactive RNA sedimenting at about 40S and this was not present in. the control patterns. The region which represented polysomes under standard conditions now contained 0.5 per cent of the radioactivity as compared witlh 42.5 per cent under standard conditions (Table 3) . Although 20 per cent of this O.5 per cent is still RNase-resistant, we must emphasize the disappearance of almost all of the radioactivity, RNase-resistant and -sensitive, from the polysome region. This experiment suggests that the RNase-resistant RNA found in the polysome fraction may be associated with ribosomes, and that the Mg++ sensitivity could be due to dissociation of ribosomes from the single-stranded component of replicative intermediate at low concentrations of Mg++.
Although the steady-state polysome distributions reported here were similar to those previously reported from many laboratories, for example, that described by Kiho and Rich, 10 some degradation of polysomes may have occurred during preparation. According to Mangiarotti and Schlesinger, the presence of 70S monomers in the gradient is indicative of some degradation of polysomes."1 Nevertheless, the comparison of polysome patterns in infected and control cells should be significant because the striking decrease in polysomes in infected cells can be correlated with a decrease in the rate of host cell RNA and protein synthesis.'2-'4 The localization of double-stranded RNA in the polysome fractions, as reported here and also by Godson and Sinsheimer using parental-labeled RNA, 15 should also be significant since no double-stranded RNA is found in the uninfected cell. The basis for the inhibition of cellular macromolecular synthesis after infection with a RNA bacteriophage is not known and may not be essential for the replication of the bacteriophage since it does not occur in the case of bacteriophage f2. 16 Summary.-Double-stranded RNA can be demonstrated to be associated with polysomes in cells infected with bacteriophage R17. Particularly prominent concentrations of double-stranded RNA are found in polysomes of size 11-14 and in the pentamer region. Some double-stranded RNA also sediments close to the 50S subunit and some is found in the region of free RNA, i.e., sedimenting at less than 30S.
